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Background and study aim: In cirrhotic patients, portal hemodynamics is associated with hyponatremia. So, we aimed to assess portal hemodynamic changes in hyponatremic Egyptian cirrhotic patients.
Patients and Methods: one hundred and sixty cirrhotic patients due to viral causes with or without bilharziasis were included in the study, 125 males and 35 females with mean age of 50.7 years. Patients were divided into 2 groups, Group I 80 hyponatremic patients with serum Na<130mmol/L and group ΙΙ 80 Nonhyponatremic patients with serum Na>130mmol/L. All patients were exposed to full history taking, clinical examination, laboratory investigations, abdominal ultrasonography (US) with Doppler study of portal circulation and upper GIT endoscopy and followed during their stay in hospital.
Results: Serum sodium had a statistically significant positive correlation with mean portal vein (PV) velocity (r = 0.252, p= 0.001) and a highly statistically significant negative correlation with Mean flow volume, portal vein congestive index (PVCI) and hepatic artery resistive index(Hepatic A RI) (r = -0.593, r = -0.477 and, r = -0.490 respectively with p< 0.001 for all). Analysis of the receiver operating characteristic (ROC) curve revealed that portal vein congestive index was the most sensitive indicator and hepatic artery resistive index was the most specific indicator for prediction of mortality in hyponatremia patients. MELD-Na score was the most sensitive indicator and portal vein congestive index was the most specific indicator for hepatic encephalopathy prediction in hyponatremia patients.
INTRODUCTION
Decompensated cirrhotic patients usually have severe complications which have great impact on the progression of cirrhosis and consequently on their quality of life [1] . "Hyponatremia in patients with cirrhosis is demarcated as serum sodium level less130 mEq/L". It is a common finding in cirrhotic patients, and usually associated with multiple clinical manifestations and a poor prognosis [2, 3]. Pathophysiology of hyponatremia is related mainly to the abnormalities in systemic hemodynamics that is attributed to defect in the renal capacity to excrete solute-free water which leads to retention of water that is disproportionate to the retention of sodium. So, this leads to decrease in serum sodium level and hypoosmolality.
Non-osmotic hypersecretion of arginine vasopressin is considered the main pathogenic factor responsible for hyponatremia [4, 5] . As 
PATIENTS AND METHODS

This case control study was performed in Tropical
Medicine Department Zagazig University Hospitals in the period between October 2017 and June 2019. A hundred and sixty patients were included in this study 125 males and 35 females with age ranging from 35 to 73years old.
Patients below18 years or didn't give informed consent to participate in the study, those receiving direct acting antiviral drugs (DAAs) for HCV within 6 months, patients with hepatocellular carcinoma and other malignancy, patients with history of cardiac or renal diseases or non-viral causes of cirrhosis, patients with history of drugs, procedure, operation or condition that affect portal hemodynamics e.g. TIPS or shunt operation or portal vein thrombosis were excluded from the study.
The patients gave an informed consent and were divided according to their sodium level into: Group I: 80 hyponatremic patients with serum Na<130mmol/L, and group ΙΙ: 80 nonhyponatremic patients with serum Na>130mmol/L. All patients were subjected to full history taking, thorough clinical examination, full laboratory investigations: including liver function and prothrombin time (PT), kidney functions, complete blood picture (CBC), viral markers: HBsAg and HCV Ab, fasting blood glucose, markers of autoimmune liver diseases (ANA, ASMA, LKMA, AMA), serum sodium, potassium, chloride levels measurement by mEq/L and calcium mg/dl. Modified Child, MELD and MELD Na score were calculated for all patients, Upper Gastrointestinal endoscopy and abdominal ultrasonography with Doppler US was performed.
Statistical Analysis
Data were analyzed with SPSS for version 25 (statistical package for the Social Science, Chicago, IL). Quantitative data were expressed as mean & standard deviation (SD), normally distributed data were analyzed by independent sample t test and abnormally distributed data were analyzed by Mann Whitney test. While qualitative data were expressed as number and percentage and were analyzed by Chi square (X2) test. Correlation was done using Pearson correlation test. The receiver operating characteristic (ROC) curve and 95% confidence interval (CI) was performed to determine cutoff values for different studied parameters. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were determined. P-value was considered significant if <0.05 and highly significant if <0.001.
RESULTS
Patients' characteristics were represented in table (1) . Serum sodium level has a highly statistically significant negative correlation with modified Child-Pugh score (a) (r = -0.400, P <0.001) and with MELD score (b) (r = -0.394, P <0.001), Fig  (1 ). Also, Serum sodium had a statistically significant positive correlation with mean PV velocity (a) (r = 0.252, p= 0.001) and a highly statistically significant negative correlation with Mean flow volume (b), Portal vein CI (c) and hepatic A RI (d) (r = -0.593, r = -0.477 and, r = -0.490 respectively with p< 0.001 for all), Fig (2) . The difference in MELD score, MELD-Na score, portal vein CI and Hepatic A. RI between non survived and survived patients was statistically insignificant in both groups. The same results were found as regard complications with the exception MELD score, MELD-Na score in patients with hepatic encephalopathy and patients without hepatic encephalopathy had high statistically significant in both groups mean while PV CI and hepatic A RI was high statistically significant in hyponatremic group only, table (2) . Analysis of the receiver operating characteristic (ROC) curve was performed to determine the prognostic validity at cutoff values for different studied parameters, Fig (3 Serum sodium level has a highly statistically significant negative correlation with modified Child-Pugh score (a) (r = -0.400, P <0.001) and with MELD score (b) (r = -0.394, P <0.001). At cut off values of MELD score< 21, MELD-Na score <32 PV congestive index < 0.089 and hepatic A resistive Index < 0.82. Portal vein CI was the most sensitive indicator and hepatic A RI was the most specific indicator for prediction of mortality in hyponatremia patients. While MELD-Na score was the most sensitive indicator and PV CI was the most specific indicator for prediction of hepatic encephalopathy in hyponatremia patients, at cut off values of MELD score< 18, MELD-Na score <31 PV congestive index < 0.097 and hepatic A resistive Index < 0.78.
DISCUSSION
Cirrhosis has various degrees of liver dysfunction and portal hemodynamics disturbances. Hyponatremia is the most common electrolyte defect in advanced cirrhotic patients and indicates a poor prognosis [2, 3]. Doppler ultrasound (US) allows a safe, cheap and efficient real-time observation of blood flow of portal circulation in cirrhotic patients. The aim of our study was to investigate this relationship between hyponatermia and portal hemodynamic parameters obtained by Doppler US .
We found that serum sodium level significantly decreased with the advance of Child-Pugh score and with MELD score (r = -0.400, r = -0.394 and P value <0.001) and this was in line with Angeli p et al., Kim J et al., Reddy et al., [10 ,11 12] . Hyponatremia signifies an independent predictor for the development of complications in cirrhotic patients and adding serum sodium to MELD score improves prediction of short-term mortality amongst candidates for liver transplantation [13].
In the current study, hyponatremic had a statistically significant difference when compared with non-hyponatremic group in the presence of splenomegaly and ascites and high statistically significant difference as regard collaterals. These results were similar to those of Angeli et al., Kim et al., and Maruyama et al., [10, 11, 14] and as regard ascites and collaterals but was not as regard splenomegaly as Maruyama et al., [9, 14] stated no relation between hyponatermia and splenic size, also, Reddy et al., [12] reported significant difference only in refractory ascites. Some authors specify that hyponatremia denotes parenchymal affection and others postulate that it denotes mesenchymal affection with close relation to portal hemodynamics.
Abdominal Doppler UltraSonographic data of both groups revealed that hyponatremic patients had no statistically significant difference in mean velocity and had statistically significant increases in mean flow volume and PV congestive index (PV CI), in addition to high statistically significant increases in hepatic artery resistive index (hepatic A RI) and reversal of direction of blood flow when compared with the non-hyponatremic group. Maruyama et al., [9, 14] had the same results about PV mean velocity and collaterals but had not the same of our opinion about mean flow volume and direction of flow as they did not find any significance in hyponatremic patients. Okazakiet et al., [15] reported a significant decrease in portal blood flow volume in cirrhotic patients, while Ohnishi et al., [16] found a significant increase as we found. This controversy could be explained by different patient characteristics as in our study, the direction of flow and presence of collaterals may affect flow volume and PV mean velocity as most of the portal flow is diverted through portosystemic collateral vessels. The decrease in portal perfusion is to some extent buffered by an increase of arterial perfusion, which is, however, not enough to restore the normal liver perfusion [17] .
We found that serum sodium level had a statistically significant mild positive correlation with PV mean velocity (r = 0.252, p= 0.001) and a highly statistically significant negative correlation with Mean flow volume, Portal vein CI and hepatic A RI (r = -0.593, r = -0.477 and, r = -0.490). Splanchnic arterial vasodilatation with reduced systemic vascular resistance leads to reduced mean arterial pressure. It is sensed by baroreceptor and causes activation of compensatory neurohormonal mechanisms, which include renin-aldosteroneangiotensin system, the sympathetic nervous system and, as well as the release of antidiuretic hormone with stimulation of retention of solutefree water, avid renal sodium retention, and dilutional hyponatremia. These compensatory neurohormonal mechanisms correlate directly with the degree of portal hypertension. Therefore, serum sodium could be a reasonable parameter that reflects the severity of portal hypertension [18] .
Most of our hyponatremic patients developed hepatic encephalopathy, SBP and HRS, also, mortality was reported more in this group with statistically significant difference when compared to non hyponatremic group, while, there was no statistically significant difference as regard bleeding OV when they compared with nonhyponatremic ones. Our results go in hand with that of Angeli p et al., Kim In the present study, the difference in MELD score, MELD-Na score, portal vein CI and Hepatic A. RI. between non survived and survived patients was statistically insignificant in both groups. Also, the difference in MELD score, MELD-Na score, portal vein CI and Hepatic A. RI between patients with complication (SBP, HRS and bleeding OV) and those without was statistically insignificant in both groups. This could provide new insights on unusual targetable molecular pathways and metabolites that may affect the outcome in such patients [20] . In addition, our study revealed high statistically significant difference in MELD score, MELD-Na score between patients complicated with hepatic encephalopathy and those without in both groups and high statistically significant difference in PV congestive index and hepatic A RI in hyponatremic group only. At advanced stages of liver cirrhosis, portal hypertension causes atrophy of the right lobe of the liver and the left lobe hypertrophy. The volume of the liver is directly related to hepatic function and the patient's prognosis .The volume of the right lobe represents two-thirds of the total hepatic volume; so, it is important to prevent right hepatic lobe atrophy in order to improve liver function in patients with cirrhosis and portal hypertension [21] .
Validity of MELD, MELD-Na, portal vein CI and Hepatic A. RI in the present study as a predictor factor for mortality and hepatic encephalopathy in hyponatremic patients revealed that portal vein CI at cut off value < 0.089 was the most sensitive indicator (Sensitivity was 78.5%) and hepatic A RI cut off value< 0.82 was the most specific indicator (Specificity was 70.8%) for prediction of mortality while MELD-Na score at cut off value <31 was the most sensitive indicator (Sensitivity was 75%) and PV CI at cut off value< 0.097 was the most specific indicator (Specificity was 91.7%) for prediction of hepatic encephalopathy.
In cirrhosis, hyponatremia usually develops in a slow and gradual manner. So, the brain can acclimatize to hypotonicity and hypo-osmolality of the extracellular fluid. However, due to the abnormalities in nitrogen metabolism, symptoms that are related to hyponatremia are usually concomitant with and hardly distinct from symptoms of hepatic encephalopathy [13] . Scores obtained by the combinations of measuring portal vein blood velocity, portal vein diameter, the hepatic artery resistance index and splenic artery resistance index were planned and demonstrated to be useful in the clinical monitoring of patients with portal hypertension and cirrhosis [22] .
Conclusion:
Hyponatremic patients had statistically significant increase in mean flow volume and PV congestive index, in addition to highly statistically significant increase in hepatic artery resistive index and reversal of direction of blood flow. Most of hyponatremic patients developed Hepatic encephalopathy, SBP and HRS, also, mortality was reported more in this group with statistically significant difference when compared with nonhyponatremia group. Moreover we can use MELD-Na score, portal vein CI and hepatic A RI. in prediction of hepatic encephalopathy and mortality in hyponatermic patients.
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